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SHUNT CURRENT LOSS

(57)  The presentinvention relates to aredox flow bat-
tery or fuel cell stack including an end plate, an insulating
plate, a current plate, a bipolar plate, a flow frame, and
an ion exchange membrane and having a structure in

which a seal groove is mounted only on one side so as
toimprove the form and assembly of a seal for preventing
shunt current loss.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a seal used for
preventing leakage of an electrolyte from a redox flow
battery or a fuel cell stack.

BACKGROUND ART

[0002] A redox flow battery is one of the core products
closely associated with a new renewable energy, green-
house gas mitigation, a secondary battery, and a smart
grid, which have recently aroused the greatest interest
around the globe, and a fuel cell is a new energy gener-
ation source alternate to fossil fuels and a product, a mar-
ket of which rapidly expands around the globe. Recently,
most energy has been acquired from fossil fuels, but
there are limitations in that energy efficiency is low, and
the use of the fossil fuels exerts on a seriously bad influ-
ence on an environment, such as air pollution, acid rain,
and global warming.

[0003] In order to solve the limitations due to the use
of the fossil fuels, high expectations are being placed on
the new renewable energy and the fuel cell. In Korea and
around the glove, interest in the new renewable energy
rises, and research is actively conducted on the new re-
newable energy.

[0004] A new renewable market reaches a maturity
stage inside and outside of Korea, but there is a limitation
in that an amount of an energy generated is significantly
changed according to an environmental effect such as a
time and weather due to the characteristics of a renew-
able energy. Accordingly, in order to stabilize the new
renewable energy, there is a need for spread of an energy
storage system (ESS) storing the generated renewable
energy, and a redox flow battery has received attention
as the mass energy storage system.

[0005] Manytechnologies have beendevelopedonthe
fuel cell due to eco-friendly characteristics and an unlim-
ited resource rate, and fuel cell vehicles, generators,
heating systems using the fuel cell have been developed
and sold. However, up to now, the fuel cell is difficult to
manufacture, assemble, and maintain.

[0006] As illustrated in FIG. 1, a general structure of a
redox flow battery, to which the present invention is ap-
plied, includes a stack 1 formed by stacking cells in which
an electrochemical reaction occurs, a tank 3 storing an
electrolyte, and a pump 4 supplying the electrolyte from
the tank storing the electrolyte to the stack.

[0007] FIG. 2 illustrates a simplified structure of the
stack 1, and FIG. 2 illustrates an end plate 11-an insu-
lating plate 12-a current plate 13-a bipolar plate 14-a gas-
ket 15-an electrode 17-a flow frame 16-a gasket 15-an
ion exchange membrane 18-a gasket 15-an electrode
17-a flow frame 16-a gasket 15-a bipolar plate 14-a cur-
rent plate 13-an insulating plate 12-an endplate 11 from
a left side. A unit cell includes the bipolar plate 14 to the

10

15

20

25

30

35

40

45

50

55

bipolar plate 14, and generally, one stack is formed by
stacking several ten to several hundred unit cells.
[0008] In the present invention, the term "plate" indi-
cates configurations such as the end plate 11, the insu-
lating plate 12, the current plate 13, the bipolar plate 14,
and the flow frame 16, which constitute the stack 1 having
a plate shape.

[0009] Inordertopreventthe leakage ofthe electrolyte,
a seal 50 or the gasket 15 is disposed between compo-
nents of the stack.

[0010] When the stack is assembled, the seal 50 is
compressed to preventthe leakage of the electrolyte (see
FIG. 3).

[0011] The seal 50 is mounted so as to be inserted into
a groove formed in a contact surface of the plate such
as the end plate 11, the insulating plate 12, the current
plate 13, the bipolar plate 134, or the flow frame 16, which
is stacked on and under the seal 50. A size of the groove
is equal to or greater than a cross sectional area of the
seal 50, and thus, after the seal 50 is compressed, the
seal 50 is designed so as to fill an inside of the groove
(see FIG. 3).

[0012] Generally, as illustrated in FIG. 9, the stack is
assembled by vertically stacking the plates, the gasket,
and the seal 50 constituting the plate on a ground surface.
[0013] However, during assembling the stack, a por-
tion of the stack is moved, and in this case, since the seal
50 inserted into the groove of the lower surface in the
plate is smaller than the groove, there have been incon-
venience during assembling due to the separation of the
seal 50 from the groove by gravity.

[0014] In addition, one of limitations in deteriorating
performance of a redox flow battery is shunt current loss.
The shunt current loss will be described with reference to
[0015] FIGS. 4 and 5. FIG. 4 is a schematic diagram
for describing a structure of a redox flow battery, which
describes an ideal electron flow. The redox flow battery
supplies electrons by using current plates or current col-
lectors disposed at both ends of the stack, while the sup-
plied electrons flow inside a cell, an electrochemical re-
action occurs.

[0016] However, since the electrolyte is a material hav-
ing high electrical conductivity and an internal resistance
of the cellincreases, electrons are transferred in an arrow
direction of FIG. 5 through a flow hole having a relatively
low resistance due to characteristics of electricity.
[0017] Therefore, when the stack is designed, itis nec-
essary to prevent the shunt current loss.

[0018] Inthisregard, a seal is disclosed in Korean Pat-
ent Laid-Open Application No. 10-2013-0040826 entitled
"MEMBRANE STACK FOR MEMBRANE-BASED
PROCESS AND METHOD OF PRODUCING MEM-
BRANE FOR THE SAME", but the above-described
problems are not solved.
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DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM

[0019] An object of the present invention is to solve a
problem that a seal inserted into a groove of a lower sur-
face in a plate is separated from the groove by gravity
during assembling

[0020] In addition, another object of the presentinven-
tion is to prevent a shunt current loss that deteriorates
performance of a redox flow battery.

TECHNICAL SOLUTION

[0021] The present invention relates to a redox flow
battery or fuel cell stack assembled by stacking a plurality
of plates, wherein a sealis disposed between the plurality
of plates, and grooves is placed are formed only on sur-
faces facing upper portions of the plurality of plates at
the time of assembling and are not formed on surfaces
facing lower portions of the plurality of the plates, the seal
being placed in the grooves.

[0022] Accordingtothe presentinvention, the seal may
include a seal disposed along outsides of the plates be-
tween the plurality of plates.

[0023] In addition, the present invention relates to a
redox flow battery or fuel cell stack assembled by stack-
ing a plurality of plates, wherein a electrolyte flow channel
is formed in some of the plurality of plates, and the plates
in which the electrolyte flow channel is formed includes:
a seal disposed along outsides thereof; and a seal that
is disposed adjacent to the electrolyte flow channel.
[0024] According to the presentinvention, the electro-
lyte flow channel is formed so as to have overlapping
portions when viewed from one direction, and the seal
extends between the overlapping portions.

[0025] According to the present invention, the plates
inwhich the electrolyte flow channel is formed may further
include: an electrolyte passage in which the electrolyte
flow channel is not formed; and a seal surrounding the
electrolyte passage.

[0026] Accordingto the presentinvention, the seal dis-
posed along the outsides of the plates, the seal adjacent
to the electrolyte flow channel, and the seal surrounding
the electrolyte passage may be are integrally formed.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0027] According to the present invention, the groove
is removed from a surface facing the lower portion of the
plate adjacent to the seal and is formed only on a surface
facing the upper portion thereof, and during assembling
the stack, the seal is not allowed to follow the lower sur-
face of the plate, thereby improving efficiency of assem-
bling. In addition, the seal is formed at a position between
lines of the electrolyte flow channel or adjacent to the
electrolyte flow channel, thereby preventing the electro-
lyte from deviating from the electrolyte flow channel to
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prevent the shunt current loss.
DESCRIPTION OF THE DRAWINGS
[0028]

FIG. 1 is a schematic diagram of a redox flow battery
to which the present invention is applied.

FIG.2is an exploded perspective view of an existing
redox flow battery.

FIG. 3 is a diagram for describing a state in which a
seal is assembled between plates.

FIG. 4 is a schematic diagram for describing an ideal
electron flow.

FIG. 5 is a schematic diagram of a stack, which de-
scribes an occurrence of shunt current loss.

FIG. 6 is a diagram for describing an electrolyte pas-
sage formed in a plate and an occurrence of shunt
current loss.

FIG. 7 is a diagram for describing a state in which a
seal is assembled, according to the present inven-
tion.

FIG. 8 is a diagram for describing a state in which a
seal is stacked, according to the present invention.
FIG. 9 is an assembly diagram of an existing redox
flow battery using an existing guide pin.

BEST MODE

[0029] Hereinafter, the present invention will be de-
scribed in more detail with reference to the accompany-
ing drawings.

[0030] The accompanying drawings illustrate exem-
plary forms of the present invention and are provided to
describe the present invention in more detail, and the
technical scope of the present invention is not limited to
the accompanying drawings.

[0031] Redox flow battery or fuel cell stacks according
to the presentinvention have a repeatedly stacked struc-
ture, and a structure of a stack 1 is simplified and is illus-
trated in FIG. 2.

[0032] As illustrated in FIG. 9, the stack is assembled
in a manner of stacking from bottom to top.

[0033] During assembling, a seal 50 for preventing
leakage of an electrolyte is disposed between plates such
as an end plate 11, an insulating plate 12, a current plate
13, a bipolar plate 14, and a flow frame 16, which con-
stitute the stack.

[0034] The seal 50 may be a gasket 15 having a plate
shape, an O-ring having a circular rubber shape, and a
string-shaped gasket having various plane shapes.
[0035] The seal 50is mounted so as to be inserted into
agroove formed a plate stacked from top to bottom. Since
a size of the groove is equally to or greater than a cross
sectional area of the seal 50, before the seal 50 is com-
pressed, the seal 50 is not fit in the groove but is placed
in the groove (see FIG. 3).

[0036] However, during assembling the stack, some
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parts of the stack is moved, and while the seal 50 inserted
into the groove of the lower surface in the plate is moved
together with the plate, there has been inconvenience
during assembling due to the separation of the seal 50
from the groove by gravity.

[0037] Therefore, in the present invention, the groove
is removed from the lower surface of the plate adjacent
to the seal 50 and is formed only on an upper surface,
and when a portion of the stack is moved, the seal 50 is
not allowed to follow the lower surface of the plate, there-
by improving efficiency of assembling.

[0038] Inaddition, in the stack according to the present
invention, shunt currentloss occurs because aresistance
value of an electrolyte passage is lower than an internal
resistance of a cell, and accordingly, the resistance value
of the electrolyte flow channel is increased, the shunt
currentloss may be prevented. The most commonly used
method is a method of lengthening a flow channellonger.

R=L/A

[0039] A resistance R is proportional to a length L and
is inversely proportional to a cross sectional area A.
Therefore, since aresistance s increased by lengthening
the length L of the flow channel, in the present invention,
the electrolyte flow channel is lengthily formed by forming
an electrolyte flow channel 16¢ from an electrolyte pas-
sage 16ato anion exchange membrane 18 so as to have
overlapping portions such as a "2" shape or an "S" shape
when viewed from one direction (arrow direction of FIG.
7).

[0040] In the present invention, a method of lengthily
forming the electrolyte flow channel 16¢ includes a meth-
od of forming the "2" shape or the "S" shape as well as
other methods of forming modifications that can be easily
construed by the technicians in the art.

[0041] However, when the electrolyte flow channel 16¢
having the "2" shape or the "S" shape is installed, the
electrolyte may be directly moved to an area of the ion
exchange membrane 18 from the electrolyte passage
16a rather than the electrolyte flow channel 16¢ as indi-
cated by an arrow (illustrated in FIG. 6), and in this case,
a moving path of the electrolyte may be shortened, re-
sulting in reducing the resistance value of the electrolyte
passage and generating the shunt current loss.

[0042] Therefore, in the present invention, a seal 50b
may be further installed adjacent to the electrolyte flow
channel and/or between the overlapping portions, there-
by preventing the electrolyte from deviating from the elec-
trolyte passage 16a or the electrolyte flow channel 16¢
to prevent the shunt current loss.

[0043] In addition, as illustrated in FIG. 7, the leakage
of the electrolyte is prevented by forming a seal 50a sur-
rounding an outside of the plate and forming a seal 50c
surrounding an electrolyte passage 16b in which the elec-
trolyte flow channel is not formed.
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[0044] Furthermore, in the present invention, the elec-
trolyte is prevented from deviating the electrolyte flow
channel 16¢ and is prevented from leaking from the flow
frame 16 by integrally forming the seal 50a surrounding
the outside of the frame and the seal 50b disposed inside
the electrolyte flow channel or integrally forming the seals
50a and 50b and the seal 50c surrounding the electrolyte
passage 16b.

[0045] While the electrolyte flow channel has been de-
scribed as an example as being formed in the flow frame
16, the electrolyte flow channel may be formed in other
plates rather than the flow frame 16.

Claims

1. A redox flow battery stack assembled by stacking a
plurality of plates, the redox flow battery stack com-
prising an electrolyte passage and an electrolyte flow
channel, which are formed in some of the plurality
of plates,
wherein overlapping portions are formed at the elec-
trolyte flow channel when viewed from one direction,
and the plates in which the electrolyte flow channel
is formed comprises:

a seal that is disposed along outsides thereof;
and

asealthatis disposed adjacent to the electrolyte
flow channel and extends between the overlap-
ping portions such that an electrolyte is prevent-
ed from being directly moved from the electrolyte
passage to an ion exchange membrane and is
prevented from deviating from the electrolyte
flow channel,

wherein grooves are formed only on surfaces
upward directed at the time of assembling at the
plates in which the electrolyte flow channel is
formed, the seals being placed in the grooves.

2. The redox flow battery stack of claim 1, wherein the
plates in which the electrolyte flow channel is formed
further comprises:

an electrolyte passage in which the electrolyte
flow channel is not formed; and

a seal surrounding the electrolyte passage, and
the electrolyte flow channel has a "2" shape or
an "S" shape.

3. Theredox flow battery stack of claim 1 or 2, wherein
the seal disposed along the outsides of the plates
and the seal adjacent to the electrolyte flow channel
are integrally formed, or the seal disposed along the
outsides of the plates, the seal adjacent to the elec-
trolyte flow channel, and the seal surrounding the
electrolyte passage are integrally formed.
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[Fig. 3]

14 14

’ - 50 50

() —{ % | _16

[Fig. 4]




EP 3 024 075 A1

[Fig. 5]
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